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APPARATUSES, SYSTEMS AND METHODS
FOR AUTOMATICALLY TAXIING AN

AIRCRAFT

BACKGROUND OF THE INVENTION

The present invention generally relates to apparatuses,
systems and methods for automatically taxiing an aircratit.

Engines-ofl taxing systems are being developed to push
aircrait back from airport terminal gates and to taxi aircratt
around airports without using the main engines of the
aircraft. Engines-ofl taxing systems may include an electric
motor directly or indirectly attached to a respective aircraift
landing gear wheel to apply rotational torque to the landing
gear wheel. The electric motor may be powered by an
aircraft auxiliary power unit. Thereby, use of the main
aircraft engines may be minimized. Aircrait steering during
pushback and/or taxi may include an mput to a nose wheel
steering actuation system or by applying different torque/
speed mput(s) to main landing gear wheels.

Use of engines-oll taxing systems may eliminate the need
for tugs and/or aircraft pushback vehicles. Thereby, airport
ground crews may be reduced or eliminated.

Aircraft often include friction brakes (e.g., hydraulically/
mechanically operated brakes and/or electro-mechanically
operated brakes), attached to the aircraft landing gear
wheels, to stop the aircraft. Thus, friction brake wear 1s
problematic, and expensive.

As can be seen, there may be an ongoing need to reduce

airport ground crews, to minimize main aircrait engine use,
and to mimmize aircraft friction brake wear.

SUMMARY OF THE INVENTION

In one aspect of the present invention, an automatic
taxiing system for an aircraft includes a controller having an
engines-oll drive output and a friction brake output; at least
one engines-oil drive attached to at least one landing gear
wheel of the aircrait, wherein the at least one engines-oil
drive 1s configured to apply at least one of: positive torque
or negative torque to the at least one landing gear wheel, 1n
response to the engines-oil output, 1n non-emergency stop
circumstances; and at least one friction brake attached to the
at least one landing gear wheel, wherein the at least one
friction brake 1s configured to impede rotation of the at least
one landing gear wheel, 1n response to the friction brake
output, 1n emergency stop circumstances.

In another aspect of the present invention, a method of
automatically taxiing an aircraft includes applying torque,
via at least one engines-oil drive, to at least one landing gear
wheel, to stop the aircraft in non-emergency stop circum-
stances; applying a rotation impeding force, via at least one
friction brake, to the at least one landing gear wheel, to stop
the aircrait in emergency stop circumstances; and preventing,
the torque from being applied to the at least one landing gear
wheel while the rotation impeding force 1s being applied to
the at least one landing gear wheel.

In yet another aspect of the present invention, a non-
transitory computer-readable medium storing computer-
readable instructions that, when executed by a processor,
causes the processor to automatically taxi an aircraft,
includes an aircrait taxiing route data recerving module that,
when executed by a processor, causes the processor to
receive aircralt taxiing route data, wherein the aircraft
taxiing route data 1s representative of a desired aircraft
taxiing route; an engines-oil drive motor signal generation
module that, when executed by a processor, causes the

10

15

20

25

30

35

40

45

50

55

60

65

2

processor to generate an engines-ofl drive motor signal,
wherein the engines-oil drive motor signal 1s representative
of a first torque to be applied to a first landing gear wheel and
a second torque to be applied to a second landing gear wheel,
to taxi the aircrait along the desired aircrait taxiing route;
and a friction brake control signal generation module that,
when executed by a processor, causes the processor to
generate a Iriction brake control signal, wherein the friction
brake control signal 1s representative of a rotation impeding
force to be applied to at least one of: the first landing gear
wheel or the second landing gear wheel, to stop the aircraft
In emergency stop circumstances.

These and other features, aspects and advantages of the
present invention will become better understood with refer-
ence to the following drawings, description and claims.

"y

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an aircrait according to an exemplary
embodiment of the present invention;

FIG. 2A depicts an aircrait nose landing gear having an
engines-oll drive, landing gear wheels, and friction brake
according to an exemplary embodiment of the present
invention;

FIG. 2B depicts an aircrait main landing gear having an
engines-ofl drive, landing gear wheels, and friction brake
according to an exemplary embodiment of the present
imnvention;

FIG. 3 depicts a block diagram of a computing device
according to an exemplary embodiment of the present
invention;

FIG. 4 depicts a block diagram of a computing device
having a non-transitory computer-readable memory storing
computer-readable instructions according to an exemplary
embodiment of the present invention; and

FIG. 5§ depicts a tlow chart of a method of automatically
taxiing an aircrait according to an exemplary embodiment of
the present mnvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The following detailed description 1s of the best currently
contemplated modes of carrying out the invention. The
description 1s not to be taken 1n a limiting sense, but 1s made
merely for the purpose of illustrating the general principles
of the mvention, since the scope of the mvention 1s best
defined by the appended claims.

Various imnventive features are described below that can
cach be used independently of one another or 1n combination
with other features. However, any single inventive feature
may not address any of the problems discussed above or may
only address one of the problems discussed above. Further,
one or more of the problems discussed above may not be
fully addressed by any of the features described below.

The present invention generally provides apparatuses,
systems, and methods for automatic aircrait pushback and/or
automatically taxiing an aircrait. At least one engines-oil
taxiing drive may be used to stop an associated aircrait in
non-emergency circumstances (e.g., normal taxiing circum-
stances ), such that use of a friction brake may be minimized.
Thereby, Ifriction brake wear may be minimized. Use of the
engines-ofl taxiing drive may also mimmize use of main
aircraft engines during aircraft taxiing.

Turning to FIG. 1, an automatic aircraft taxiing system
100 may include an aircrait 105 and at least one engines-ofl
taxing system 110. At least one engines-ofl taxiing system
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110 may be attached to an aircrait nose landing gear and/or
at least one main aircrait landing gear as illustrated with the
dashed lines of FIG. 1. Alternatively, an engines-ofl taxiing
system 110 may be attached to each aircrait landing gear. As
described 1n detail herein, an engines-oil taxiing system 110
may include at least one engines-ofl drive, at least one
landing gear wheel, and at least one Iriction brake. An
engines-oll drive may be configured to apply a positive
rotational torque and/or a negative rotational torque to a
respective landing gear wheel to cause the landing gear
wheel to rotate, or to impede the landing gear wheel from
rotating. A iriction brake may apply a rotation impeding
force to a respective landing gear wheel. Any given friction
brake may be hydraulically/mechanically operated,
mechanically operated, electro-mechanically operated, or
any combination thereof.

With reference to FIG. 2A, an aircrait nose landing gear
200a may include an engines-ofl drive 205a, landing gear
wheels 210a, and a friction brake 215q. While the aircraft
nose landing gear 200q may include a iriction brake 213a,
it should be understood that any given aircrait nose landing
gear 215a may not include a friction brake 215a. The nose
landing gear 200q¢ may be similar to, for example, the
engines-oil taxiing system 110 of FIG. 1. In particular, the
engines-oil drive 2054 may be configured to apply a positive
rotational torque and/or a negative rotational torque to a
respective landing gear wheel 210q to cause the landing gear
wheel 2105 to rotate, or to impede the landing gear wheel
2106 from rotating. The iriction brake 215a may apply a
rotation 1impeding force to a respective landing gear wheel
210a. An engines-ofl drive may include a motor controller,
a motor, clutching between the motor an associated landing
gear wheels, a transmission, steering actuation 220a, sen-
sQrs, €tc.

With reference to FIG. 2B, an aircraft main landing gear
2000 may include an engines-ofl drive 2055, landing gear
wheels 21056, and a friction brake 2155. The landing gear
20056 may be similar to, for example, the engines-oil taxiing
system 110 of FIG. 1. In particular, the engines-off drive
2055 may be configured to apply a positive rotational torque
and/or a negative rotational torque to a respective landing
gear wheel 21056 to cause the landing gear wheel 2106 to
rotate, or to impede the landing gear wheel 21056 from
rotating. The friction brake 2156 may apply a rotation
impeding force to a respective landing gear wheel 21056. An
engines-oil drive may include a motor controller, a motor,
clutching between the motor an associated landing gear
wheels, a transmission, actuation, sensors, etc.

Turning to FIG. 3, an automatic aircraft pushback and
taxiing system 300 may include a computing device 305.
The computing device 305 may include a processor 310, a
memory 315 (e.g., a non-transitory computer-readable
memory), a user-input device (e.g., a keyboard, a mouse,
etc.) 325, a display (e.g., a CRT display, a touch screen
display, an LED display, an LCD display, etc.) 320, and a
communication interface (e.g., a hardwired network adaptor,
a wireless network adaptor, etc.) 330. The memory 315 may
store a module (e.g., computer-readable instructions) 316
that, when executed by the processor 310, may cause the
processor 310 to perform, for example, functions (e.g.,
functions as described i1n detail herein) associated with
automatic aircraft taxung. While only one computing device
305 1s shown 1n FIG. 3, an automatic aircraft taxiing system
may include a plurality of computing devices 303. For
example, each of a plurality of aircrafts (e.g., aircraft 105 of
FIG. 1) may include a respective computing device 3035
and/or an airport control tower, or a central airport station,
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may include a computing device 305. Any given automatic
aircraft pushback and taxiing system 300 may incorporate an
obstacle avoidance system. For example, various sensors
(e.g., 1mage sensors, radar sensors, ultrasonic sensors, prox-
1mity sensors, etc.) may be icorporated on a given aircrait
to sense obstacles proximate the aircraft. The computing
device may generate aircrait steering and/or stop control
signals based on outputs from these obstacle sensors.

With reference to FIG. 4, an automatic aircrait taxiing
system 400 may include a computing device 405 having
non-transitory computer readable medium 410 storing an
aircrait taxiing route data receiving module 415, an engines-
ofl motor status data recerving module 420, a friction brake
status data receiving module 425, an engines-oil drive motor
control signal generation module 430, and a iriction brake
control signal generation module 435 and a steering control
signal module 440, steering status module 445, an aircraft
location status module 450, and a ground vehicle/other
aircrait location status mput module 455. The modules
415-455 may be similar to, for example, module 316 of FIG.
3 and could be combined 1n any manner with computing
device 305.

Turning to FIG. 5, a flow chart of a method of automati-
cally taxiing an aircraft 300 may include implementation of
the modules 316, 415-455. In particular, a processor (e.g.,
processor 310 of FIG. 3) may start the method 500 (block
505).

The processor 310 may execute aircrait taxiing route data
receiving via module 415 to cause the processor 310 to, for
example, receive aircrait taxiing route data (block 510). The
aircraft taxiing route data may be, for example, representa-
tive of a desired aircrait taxiing route.

The processor 310 may execute engines-oll motor status
data recerving via module 420 to cause the processor 310 to,
for example, receive engines-ofl drive motor status data
(block 515). The engines-ofl drive motor status data may be,
for example, representative of a status of at least one of
engines-oil drive motor.

The processor 310 may execute friction brake status data
receiving via module 425 to cause the processor 310 to, for
example, receive friction brake status data (block 520). The
friction brake status data may be, for example, representa-
tive of a status of at least one of friction brake.

The processor 310 may execute steering system status
data rece1ving via module 445 to cause the processor 310 to,
for example, recerve steering system status data (block 545).
The steering system status data may be, for example, rep-
resentative of a status of the nose gear wheel or other
steering mechanism.

The processor 310 may determine whether steering 1s
desired (block 3545). If the processor 310 determines that
steering 1s desired, the processor 310 may execute a steering,
control signal module 440 to the steering system to, for
example, guide the aircrait along the desired aircrait taxiing
route

The processor 310 may determine whether non-emer-
gency braking 1s desired (block 525). If the processor 310
determines that non-emergency braking 1s desired (block
525), the processor 310 may execute an engines-ofl drive
motor control signal generation module 430 to cause the
processor 310 to, for example, generate an engines-ofl drive
motor signal. The engines-oil drive motor signal may be, for
example, representative of a first torque to be applied to a
first landing gear wheel and a second torque to be applied to
a second landing gear wheel to, for example, taxi the aircraft
along the desired aircrait taxiing route.
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The processor 310 may determine whether emergency
braking 1s desired (block 535). If the processor 310 deter-

mines that emergency braking i1s desired (block 335), the
processor 310 may execute a friction brake control signal
generation module 435 to cause the processor 310 to, for
example, generate a Iriction brake control signal. The fric-
tion brake control signal may be, for example, representative
ol a rotation impeding force to be applied to at least one
landing gear wheel to, for example, stop the aircrait in
emergency stop circumstances.

The processor 310 may determine whether drive motor
torque 1s desired (block 545) and, 1f the processor 310
determines that drive motor torque 1s desired (block 3545),
the processor 310 may determine 1f the friction brake i1s
applied (block 550). If the processor 310 determines that the
friction brake 1s not applied (block 550), the processor 310
may generate an engines-ofl drive motor signal. The
engines-oll drive motor signal may be, for example, repre-
sentative of a first torque to be applied to a first landing gear
wheel and a second torque to be applied to a second landing
gear wheel to, for example, taxi the aircrait along the desired
aircraft taxiing route.

An automatic taxiing system for an aircrait may include
a controller having an engines-off drive output and a friction
brake output. The system may further include at least one
engines-oil drive attached to at least one landing gear wheel
of the aircrait. The at least one engines-ofl drive may be
configured to apply at least one of: positive torque or
negative torque to the at least one landing gear wheel, in
response to the engines-oil output, 1n non-emergency stop
circumstances. The system may also include at least one
friction brake attached to the at least one landing gear wheel.
The at least one friction brake may be configured to impede
rotation of the at least one landing gear wheel, 1n response
to the Ifriction brake output, 1n emergency stop circum-
stances.

The system may include a first engines-ofl drive attached
to a first landing gear wheel and a second engines-ofl drive
attached to a second landing gear wheel. An associated
controller 305 may include a first engines-oil drive output
and a second engines-oil drive output, and the first engines-
ofl drive may apply a first torque to the first landing gear
wheel 1n response to a first engines-oil output and the second
engines-oll drive may apply a second torque to the second
landing gear wheel in response to a second engines-oil
output to, for example, taxi the aircrait along a curved path.

It should be understood that, in addition to taxiing an
aircraft along a curved path, the apparatuses, systems and
methods of the present disclosure may be used to maintain
an aircraft direction of travel along a straight path. For
example, an aircraft may be taxiing along a straight path on
a sloped runway, therefore, the aircraft would have a ten-
dency to driit off course. Similarly, a side wind may have a
tendency to push an aircraft off line. In any event, the
apparatuses, systems and methods of the present disclosure
may be used to maintain an aircrait direction of travel along
a straight path. In particular, processor 310 may execute an
aircraft location status module 450 to cause the processor
310 to recerve aircrait location data (e.g., location data from
an aircraft GPS, a LIDAR, etc.).

Furthermore, processor 310 may execute an aircrait loca-
tion status module 430, a ground vehicle/other aircraft
location status module 455, and an aircraft steering control
signal module 440 to cause the processor to determine a
location of the aircraft taxiung and to avoid obstacles (e.g.,
other aircraft, ground vehicles, etc.) proximate the aircratit.
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The system may include a first friction brake attached to
a first landing gear wheel and a second friction brake
attached to a second landing gear wheel. At least one
engines-oil drive may be prevented from applying torque to
the landing gear wheel while the friction brake 1s impeding
rotation of the landing gear wheel. An emergency circum-
stance may include an impending collision of an aircraft
with an obstacle or an impending collision of another
aircraft with the aircraft. An engines-ofl drive includes at
least one electric motor. Torque may be applied to at least
one landing gear wheel, via at least one engines-ofl drive, to
stop the aircratt.

A method of automatically taxiing an aircrait may include
applying torque, via at least one engines-ofl drive, to at least
one landing gear wheel, to stop the aircraft i1n non-emer-
gency stop circumstances. The method may also include
applying a rotation impeding force, via at least one friction
brake, to the at least one landing gear wheel, to stop the
aircraft 1n emergency stop circumstances. The method may
turther include preventing torque from being applied to at
least one landing gear wheel while a rotation impeding force
1s being applied to the at least one landing gear wheel.

A method may include steering an aircrait along a path by
commanding the steering system to turn the aircraft and/or
applying a first torque, via a first engines-oil drive, to a first
landing gear wheel and applying a second torque, via a
second engines-oil drive, to a second landing gear wheel.

The method may further include receiving an aircraft
desired taxiing route and taxiing the aircrait along a desired
taxiing route by applying at least one of: a first torque to a
first landing gear wheel or applying a second torque to a
second landing gear wheel. The method may also include
commanding the steering system to turn the aircraft and
applying torque to at least one engines-oil drive. The method
may also iclude applying, via a first friction brake, a first
rotation 1mpeding force to a first landing gear wheel and
applying, via a second 1Iriction brake, a second rotation
impeding force to a second landing gear wheel. Torque may
be generated via at least one electric motor. A first torque
may be a negative torque and a second torque may be a
positive torque. A first torque may be less than a second
torque.

A non-transitory computer-readable medium storing com-
puter-readable instructions that, when executed by a proces-
sor, may cause the processor to automatically taxi an air-
craft, may include an aircraft taxing route data receiving
module that, when executed by a processor, causes the
processor 1o recerve aircralt taxung route data. The aircraft
taxiing route data may be representative of a desired aircraft
taxiing route. The non-transitory computer-readable
medium may also include an engines-ofl drive motor signal
generation module that, when executed by a processor, may
cause the processor to generate an engines-oil drive motor
signal. The engines-ofl drive motor signal may be represen-
tative of a first torque to be applied to a first landing gear
wheel and a second torque to be applied to a second landing
gear wheel, to taxi the aircraft along the desired aircraft
taxiuing route. The non-transitory computer-readable
medium may further include a friction brake control signal
generation module that, when executed by a processor, may
cause the processor to generate a Iriction brake control
signal. The friction brake control signal may be representa-
tive of a rotation impeding force to be applied to at least one
of: the first landing gear wheel or the second landing gear
wheel, to stop the aircralt in emergency stop circumstances.

The non-transitory computer-readable medium may also
include an engines-ofl drive motor status data receiving
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module that, when executed by a processor, may cause the
processor to receive engines-oil drive motor status data. The
engines-oll drive motor status data 1s representative of a
status of at least one of engines-oil drive motor. Alterna-
tively, or additionally, status of an engines-oil drive motor
may be derived from an associated communication inter-
face. Same true for all status data The non-transitory com-
puter-readable medium may further include a friction brake
status data receiving module that, when executed by a
processor, may cause the processor to receive iriction brake
status data. The Iriction brake status data 1s representative of
a status of at least one of Iriction brake. A friction brake
signal may be at least partially based on the engines-oif drive
motor status data.

An engines-oil drive motor signal may be at least partially
based on a friction brake status data. Application of at least
one torque may be prevented when a rotational impeding
force 1s applied.

It should be understood, of course, that the foregoing
relates to exemplary embodiments of the invention and that
modifications may be made without departing from the spirit
and scope of the invention as set forth in the following
claims.

We claim:

1. An automatic taxiing system for an aircraft, the system
comprising:

a computing device that determines iI non-emergency
braking 1s desired and determines 11 emergency braking
1s desired;

a controller having an engines-ofl drive output and a
friction brake output;

at least one engines-ofl drive attached to at least one
landing gear wheel of the aircraft, wherein the at least
one engines-oil drive 1s configured to apply at least one
of: positive torque or negative torque to the at least one
landing gear wheel, 1n response to the engines-ofl drive
output, for non-emergency braking in non-emergency
stop circumstances; and

at least one Iriction brake attached to the at least one
landing gearwheel, wherein the at least one friction
brake 1s configured to impede rotation of the at least
one landing gear wheel, 1n response to the friction
brake output, for emergency braking in emergency stop
circumstances.

2. The system of claim 1, comprising:

a first engines-ofl drive attached to a first landing gear
wheel; and

a second engines-oll drive attached to a second landing
gear wheel, wherein the controller includes a first
engines-oil drive output and a second engines-oil drive
output, and where the first engines-oil drive applies a
first torque to the first landing gear wheel 1n response
to the first engines-ofl output and second engines-oil
drive applies a second torque to the second landing gear
wheel 1n response to the second engines-oil output, to
taxi the aircraft along a path.

3. The system of claim 1, comprising:

a first friction brake attached to a first landing gear wheel;
and

a second Iriction brake attached to a second landing gear
wheel.

4. The system of claim 1, wherein the at least one
engines-oll drive 1s prevented from applying torque to the
landing gear wheel while the friction brake i1s impeding
rotation of the landing gear wheel.

5. The system of claim 1, wherein the emergency circum-
stance 1mcludes at least one of: an impending collision of the
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aircrait with an obstacle, or an impending collision of
another aircrait with the aircraft.
6. The system of claim 1, wherein the at least one
engines-oil drive includes at least one electric motor.
7. The system of claim 1, wherein torque 1s applied to the
at least one landing gear wheel, via the at least one engines-
ofl drive, to stop the aircratt.
8. A method of automatically taxiing an aircraft, the
method comprising:
determining 1 non-emergency braking i1s desired and
determining 11 emergency braking i1s desired;

applying a negative rotational torque, via at least one
engines-oil drive, to at least one landing gear wheel, to
stop the aircraft 1n non-emergency stop circumstances;

applying a rotation impeding force, via at least one
friction brake, to the at least one landing gear wheel, to
stop the aircraft 1n emergency stop circumstances; and

preventing the negative rotational torque from being
applied to the at least one landing gear wheel while the
rotation 1impeding force 1s being applied to the at least
one landing gear wheel.

9. The method of claim 8, further comprising:

steering the aircraft along a path by:

applying a first torque, via a first engines-oil drive, to
a first landing gear wheel; and

applying a second torque, via a second engines-oil
drive, to a second landing gear wheel or combined
with a steering command.

10. The method of claim 9, further comprising;:

recerving an aircraft desired taxiing route; and

taxiing the aircraft along the desired taxiing route by

applying at least one of: the first torque to the first
landing gear wheel or the second torque to the second
landing gear wheel or combined with a steering com-
mand.

11. The method of claim 9, wherein the first torque 1s a
negative torque and the second torque is a positive torque,
and wherein a combination of applied torques and steering
commands or brake commands to steer along a path.

12. The method of claim 9, wherein the first torque 1s less
than the second torque.

13. The method of claim 8, further comprising;:

applying, via a first friction brake, a first rotation 1imped-

ing force to a first landing gear wheel; and

applying, via a second Iriction brake, a second rotation

impeding force to a second landing gear wheel.

14. The method of claim 8, wherein the torque 1s gener-
ated via at least one electric motor.

15. A non-transitory computer-readable medium storing
computer-readable instructions that, when executed by a
processor, causes the processor to automatically taxi an
aircraft, the non-transitory computer-readable medium com-
prising:

an aircrait taxiing route data receiving module that, when

executed by a processor, causes the processor to receive
aircralt taxiing route data, wherein the aircraft taxiing
route data 1s representative of a desired aircraft taxiing
route;

an engines-oll drive motor signal generation module that,

when executed by the processor upon the processor
determining that non-emergency braking 1s desired,
causes the processor to generate an engines-ofl drive
motor signal, wherein the engines-oil drive motor sig-
nal 1s representative of a first torque to be applied to a
first landing gear wheel and a second torque to be
applied to a second landing gear wheel, to taxi the
atrcraft along the desired aircraft taxiing route;
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a Iriction brake control signal generation module that,
when executed by the processor upon the processor
determining that emergency braking 1s desired, causes
the processor to generate a friction brake control signal,
wherein the friction brake control signal 1s representa-
tive of a rotation impeding force to be applied to at least
one of: the first landing gear wheel or the second
landing gear wheel, to stop the aircraft in emergency
stop circumstances.

16. The non-transitory computer-readable medium as 1n

claim 15, further comprising:

an engines-oil drive motor status data recerving module
that, when executed by a processor, causes the proces-
sor to recerve engines-oll motor status data, wherein the
engines-oil drive motor status data 1s representative of
a status of at least one of engines-oil drive motor.

17. The non-transitory computer-readable medium of

claim 16, further comprising:

10

15

10

a Iriction brake status data receiving module that, when
executed by a processor, causes the processor to receive
friction brake status data, wherein the friction brake

status data 1s representative of a status of at least one of
friction brake.

18. The non-transitory computer-readable medium of
claiam 17, wherein the engines-ofl drive motor signal 1s at
least partially based on the friction brake status data.

19. The non-transitory computer-readable medium of
claim 18, wherein application of at least one of: the first
torque or the second torque 1s prevented when the rotational
impeding force 1s applied.

20. The non-transitory computer-readable medium of
claaim 16, wherein the iriction brake signal 1s at least
partially based on the engines-oil drive motor status data.
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